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(g) Improvements in and relating to powder coating. 

@ An apparatus for spraying powder coating 

material includes a rotatable tunBt which 

moves articles to and from a work station. A 

powder spray gun is operable to spray a pattern 

onto each of the artides in turn while the article 

is at the work station. The powder flows ttirough 

the spray gun as a series of pulses. A diverter 

assembly is operable to divert a portion of each 

pulse of powder away from the nozzle to more 

sharply define the pulse. An excess powder 

collector draws a flow of powder away from tiie 

work statton. A virgin powder container sup- 
plies powder to a powder collector container 

which supplies powder to a powder feed con- 
tainer which supplies powder to the spray gun. 
C\S Sensors associated with the virgin, collector 
^ and feed containers ensure that a predeter- 
^ mined quantity of powder is maintained in each 

container. During transport of powder from the 
^ virgin and collector containers, the containers 
00 and ttieir assodated pumps are vibrated to 

facflitate ttie flow of powder. The powder spray 
*^ gun is mounted on a three axis adjustment 
O assembly to enable tiie powder ^ray gun 
^ nozzle to be accurately positioned relative to an 

article at tiie work station. 
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This Invention relates to apparatus for applying flow of excess powder away finom the workpiece, so 

powdertoworkpieces for applying powBer coatings to as to collect oversj^rayed . powder for re-use and to 

can interiors and can lids. . prevent It contaminating the apparatus or other work- 

' ^^'^ Powder cioating matefiais for coatfng containers pieces. 
1 ^ ' ' ^ are more ih'demand now than in the.past due to in- s A plurality of containers nnay be provided to hold 

■ ■ ' • ' creasingly more stringent goverhnien t regulationson fresh powder and powder retur rie^ frqrn the spray gun 

* ' ' solvent -enriissibhs which are associated with liquid or excess powder collector, so as to. provide a con- 

fcoatih^ materials stantflowpf powder tp supply the spt^y gun. Sensors 

:, ' ^1 'taihers. Powder cb^^ * j. niay be associated wlth.ayeast.^^^ 

v>i: l. i - "'*^*en|4|pjssfon^^^^^ ' ' C '- "^ ' . - ; .^r.;©,; .:ersto„sense^h^^^^ 

5! vvr. . -/-^ V ^ ' u:^. Patent 'No. '4,S87;^^^^ ' " - When::thequantit)^of .powderin pne^^^ 

T ,-: ''i/jciudi^n^ a'spray^gtiri Which sprays electrostatically i: , i i less than. a predetermined ,quan^^^^ a pump may 
; ^ cht^g^d^^p^^ supply J: ca ^prpvlde ajow,ot pQw^ container. 

;;;; 7 ' -'"sV^te^^^^ ^-yn-iaij' yjbratprsr.may be^proyided'^to vibrate at least 

.:i \c,t^c^ o Another appaHatiJs^^'for^ spfeylng powder ohtO'^ :\:}cme,pf the. powder^.contaipejs of powder to ensure 

' ■* •■^•^-^^^^ is disdb^eff ih%n uhej^amined Japanese':-:: i,sca^<m?tajit|iow ^ippwde^^^^ may also vi- 

'1'"^ ";pS^'s^^ Kbkamumber of 60il52^oni :s ,-t>rsle,t]ie puwjps^rw^ is con- 

-Bvy^\4C ^-'^pijiisfi^ ivi^H 15/1991 and entitle "Bectrostalic; ;iA C dqcf^^r :^ sti: r:; y\ ; c 

" * ' ^pr^y Sun"! tilei(pp1iratus'' disdoised in this patanfeir i -zr, r- cr: i^he.nozzle of^thi^ powder spray p may be ac- 
'^b -^j : jx '^p^i^^^tibn ehgige^^ df^a gasolineCc^nf:: ,r^p v-.^cuJrately positioned Telsitw^^ by an ad- 

^Jl - >c ^- ""'^ '^^j^^ powder spray no2zis.^r ./Q -:>;fe jiistm^ntjasse^^^ is pre- 

M j^c -'"^^'-'-^^ij^ou^^^ wali^eiemeilt'Pf the'powd¥r^spray nozrfe iS; ^ ;^c'^'-: j fBH^Wy opersble;lp.move n<ai!e along as many as 
' f with the three mutually perpendicular aaesjndte^^ may be 

•^v -c nnsc '^Ig^ri^^^jix^ti&i^pi^cg has'a^ body whichc .VHnprpyidjK! in^assopiatipn. with ea<* bf the axes along 

' ' seals against th4 gkacan. Ohce-the Inner watt ele-.-: .?5^-c y/hlch the npzde gun can be ad- 

mentof the nozzle and- the'elasCo body on the catch . : ? ;Ju^ted .in^order^to fac|liiate a^^ positioning the 
i ; ::"'pifece hive engageld Ihe ' gis^ electrostatically ; ,pcwde.r;Spray-gur» relative ^toiwprftp^ to be pow- 
^ ' V*' £hai|ed pbwder"^^^^ v -i : , der^ coated ata workstation^ , 

- vi^^ band wlifch e^^^ aroiind the opening, .^ ; .^.The jpventio,n.wi^^^ nowbejd^^cribed byway of ex- 
' -"^^ ; In accordance whfi ^:he invention, apparatus, foir^ ;30, • risuTtple and yiith re^^ 
' ■ • '&pVlyihg pbwde^^^ workstation :b«t-i , ..ings. in which:..,, . ^^IV 

" "'^^SmpriWWspraVm^^ a simpllfieA^ of an ap- 

Intrairied powder fro^^^^ > ; paratMSp^^nstructed in.^^ 

■ * ' 'i^eknsfor pteducing puls^bfairtoe^^ - ai- ent inyention^to apply powder t^^ 

* " f; •-'"'•"porhhfe-f^ a part-50f -aS: } : ,rig.2is a,scheiT«|c iliust^ 

i^i • , ; . ,r :.of Fig,, l and depicting the i^^^^^^ 

* .; t-ii. C i""-:: 5t; J n. .."^j.,, i ae^nyayanturrei^^^ 

' ^ ■ *With sudf an arrangement' a sharply defined. : : i.. c ^ der supply system; ^ ^. ^ . 

' L/;:. ''^uj^bf air-feWiainied^pbwdepisbelw^^ :^ : . e- . Fig.. 3 iSr.an enlarged sch^ 

- ' " ' pfeeer enabling the workpiece to be accurately :snd; "^n^<v - - . lustrating the rel^tionphlp^of a nozzle of the pow- 

rapidly coated and' pefmittihg the^ abating of a large^ ■ h-' rr-:. ^ . vder opray gun and.an ex^ss powder collector to 
-J- ^ ^f--"^' ' -pu^ in a production a vjiorkpiece to.^ich ppw^^ 

: i * j ' iirte. • X V 1 L.»* c " r ^ r i?ig« an enlarge^ sectional view of a portion 

•i.:- = > nn r. ■ ' f fie appiatus may indud^ rotatable- terrot: : > ■ ; of th%pow4erspray.^^^^^ 

' ' • Which movfes each of a SiiccesiSiorf of workpiecos in . si:4S : : ^tipnshipof a diverter assem^^^ and fire detection 

- / V ^y,:, ^ grid from' a work station. At the work sfetion.: - 1 s. i apparatus to the. nozzle of^he powder spra gun; 
' ' ; ^ ' "^ ^ppWder issprayekJP^^ ^ : Fig. 5 is an enlarged sectional view of an amp^^^^ 

- ' '^^"^^ 'spray gun havirig abody^^^^ i..' which .promotes, a flow of .air with powder en- 

: ijjf aii^vvithpowderen&Sin^^^ : r. .^.ci trained therein away^ diverter assembly; 

' ''■ ''' - powder is ^pray^d throiign'a hbafzie. onto each of the- - * fig. .6 iSran enlarged fragmentary sectional view 

Wdriipi^^ ' ;:-:) :: ' c; of an upper end portipa^'a bulk powder contain- 

vr^.^^ v>, f|;,ev^j^^|:^^^^ . ^ , ervvhichfprms.partbfthepqw^^^ 

' - ''pbwder"awayf^^^^^^ c * .; . Fig..7.is8,sectional,yiewofaf^^^ 

. .o Qf s^j^ying^ » c- J ,er which Js nwunted at th|^r^r of the powder 

-'''^ T^^^^ ss spray gun; and,> ... . 

\ ■•• ' ^ der'* ' :u -v , . Fig. 8 is a fragmjentary schematic sectional view, 

Mi:-v::,;r- - An exbeB powder coilec^^^^^^ maycbe . generally similac to a portion of Fig. 2. illustrating 

■ '^rovided^ w^^^^^ endbses- the noizle and induces a the manner In w^ich the apparatus is used to ap- 
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Thus, in one .specif ic embodiment of the invention, 
approximately three hundred, can lids 12 were 
-r^rayediduring each minute Qf operation of the appa- 
sfatus 10. Therefore, the spraying of the annular band 
46 of powdeiE onto each can lid } 2 must occur' during 
c a/elatively short pertod of time. |n Qfie specific em- 
: bodirpent <>f.4he invention, jndexing Sihe turret 38 is 
V sJopped4abp|d a can lid stationary ^/ a period of apr 
proximately one hundred .and .tw^pty-five mfllisec- 
ond^oAn annular teiid^^^^ (51^.* of powder is 
^.-sprayed;pnto,e^c^caalid 12 icjturacjuring operation 
o pfihe spray gun 18 for sixty t6^nini|ty milliseconds. 
! 'Afthough the n<«Je 52 ha^)»en^ de- 
sjgne^jto apj)ly:a.^annular t>and 46 of powder to a can 



ply powder to can bodies. - - 
• An apparatus 10 (Figs. 4 and-2>for sequentially 
applying powder to workpieces 12 includes a convey- 
''or assembly 14 which sequentially nrK)ves the work- 
pieces to a work station"! 6?A powder spray gun 18isr 
operabie'to spray powdfer onto each of t he workpiec- 
es 12 in turn at the work stalidn i 6. A powder supply 
system 20 supplies' pts^erto ^He spf^y gun 1 8. The 
' conveyor 14; powBer sptey gun^tS and powder su 
■ -system 26 are'dlsposfe^ on-a ngid piiatform 22 (Rg^l) 
'* h^hg i5urfaces'2ip which ^gageable to mbVe 
' 'the apparatiis 10 fietVee*n^>feridus Ideations. 
' • ' The ap^aratifs tO ihdiiclSs^n operator's control . 

' ""■••*pan^28tP|f.1^^)^^^^^^ r^..---.^.^- 5^.-..,.. ...... 

'-^^ ^'*€tidnV^Acoh^le^^3^^ ihe<acr^'%«eirfeal controls forii ;!3f5r;r::-WBl2 at the.^ck st^tiori^l^^ it.-^^ that 
-''^'''^he'appMxi^Wk^ 32 include:? *o ::*he<gSiign9fthenozde52^^^^^ 

pneumatic controls for the app^^S'40. An air dryec:: fft-rir- twyder li?j§ patteriihavirig a cpnfjgu'rgtion other than 
" ^* '•Xri^'sficwmyisj^^^ ^-i ^^i 8Raul^!and..i5>,^jPi?^y6lothgrth^^ 

s -^o th^%<introllers^&-^^^^^ Tfi^lJ6htroll»s 28.-30^ni:i . s:, ^ti^ cpntewplatey^iattt^e could be de- 

- -..f- . -^rtd^igfeiiispo^d^hlhe^afltm^ /tor. ^signed to appty^^wwler ^ t;ye^|nt^^ 

7^, ' 5.C ''sy^^^20: '^ '^"^"^^^^ v^i^.^^urn ^.^^ n;p.« ••:.i'tftes^cifJ[cog€^^n^^ 

, 9 r y:^ 'i^fttenipHtW ^that lO.cdnw v.doi c been ^tofofth h^jq^^^ darity of de- 

^ -^^ • . sfrlicted ]n accord^ce wltlf one theiCT-isw - ^ * " ^ '*"^'* 
*' '^ ' ^•'"•tSife'dfthepreis^^ 

fji«;iderVmariy'aiffOT 

ever, the si^edificiipfferaii&S'tD^iHu^^ted in Fig. Uias, n \ r: 
beeS aligned fdi- use WS^^ 

'^'^'^ '' "derccratingtb cahlias.'f^^ v , . _ . ^ ... 

biy 36 Is provided to seq^iehtiary8l^^^ply can lids tot c.»the c^Jid> heldpn thfi.diu<^4^a|y suctfon which 

■* c^nveyoritssemay'lj*.- ^ -t^^ ^<«v;n i9:appll§^. tSi^h^can IW^At.tfie.d^^arge station 48 

V- The&nve3^ra^fembly^4in^^^ -'^c "^^^ c-..-*s-.- *-*u-.*.^^^-^*h« ^ar>i.r 

*^.«^ V V yf^^ ga'rtrfatesln^J counterclockwise dif * , 
" - ' V^tidh-' asJ'yliewed 1ri 'Rg. ^ i, - Sbbut a hoittontahaxiw s n 
' * ^ WW(*'e5dends p^ir^^ tto and is in the -same «5 
•% J r-s 1 . pMe-as a horizonfef^cSnfferaRii of the spray gun 18. 

Aplurality of wdr1c^'rece^1*»HJing chucks 42 extend rd-f- 
» - ^^^|jy oiitJferdly fbiri tliie^ret 38 to grip the caniidsa 
'12. The can WtiiHl ire heltf pri^he chuck*42 suo- 
^ ' • ^ "tion wiiicfi 6 applieif to a siSe^ the can lid opppsite^ 
* - to a side wWch is'to cbatett.s * ?ci::> 

s ^ ..i '^-flfe tiirret SB fritiexes.-or rotates, each can lid 
^"' ^^ ^^^''12te^ppedm^^^ . ^. .... 

' ^'^''^ -VstaBon«^«P&.1);As«he^fi^^ ov^-sadc^notengage a caji lid 12jt the workstation 

it TOvfeeadh'can lid 1 2 iH fern to the work station 16.: 46 16, the spj?y|gun58^ncommex!t?e spraying poM^^^^ 



sfioptipn-and nc4 tp limit the^ny^ntiog to any specific 
• .cop(Brating,rate.^p.^\. ..... ;^^.V g,., ' 

I 's^a .-i/Mtofiithe annular , b|ini|;^ 4^6 of jpowder has been 
"^spTfYBd (^to^the^SMH^as aparijli| 12, the can lid 
ri: Js moved to^a discba^e^tefior^^'j^ig. 1) where the 
„can-lid i§ released finpm^ qhuQij;.42. As noted above. 



rO^e application of suctiojito the sy^ce of the ,can lid 
-ris .ipterrupted to releasee jfie cai\J.id for downward 
c^mpvemen^unde^ the ij^iue^ qf^^^vity. Although 
. mamy.differgnt types of inde'jdnsj.Mchines 38.could 
be used to convey the canlids 1 sCoj^e satisfactory in- 
>dex!ng,,nnachLne is that^jj^ed for a Model #107 Can 
End PostjRepfflc.Spray;"^aqW by H. 

U Fi^a- ,^4aj}ufapturing Inc. of Des 

vPNnes, iljinofe^ U,SA .y ^ 

). The powder.;?pray jun t$.,h^i5 ^a nozzte- 52 (Fig. 
2) which sprays powder on a can 11^.12 held by the tur- 
retaa wtthout engaging.tjje can lidi Since the nozzle 



* As 6adh can lid 112 i^ fridislxed ti the work staticsi 46i- 

* rotation %f thi turret '30 iis mdirtentarily interrupted., 

"The spray fun 1 8 iis; thfeh^erated to spray pbwr;.. 
^der'^ontotheiu^ac^ ofa'cs^rrrid'H2. AlthoWgh thepdw?;. 
der cofild fe' applied'tbihe eah lid 12 in any desired so 

* 'pattEern,'the'pdwderlS a(^p^^ an annular band 46 *c w 
(Fig. 3) tb 'cover ifi^drfeSilarSiire line 48 on an easy^n 
'o^ncanlid 1 21 The poWiJer Is applied to the^ 
surface which faces outwardly toward tlie spray guit 

•18 (Figs. 1 aftd 2). Indexing bPthe turret is then con- 

* tinued to move tli6' next' succeeding can lid to^e 
workstation 16. ^ - ' - 

The can lids 12 are sprayed at a very high rate. 



55 



.prHD-,ihe,c2tfi,ttd as. so<vi,a^th§!,can lid has been 
moved to ihe wori^station,1.6! T^ enables the can 
i\\i\42 to to-jmc^^ 16. sprayed 

: .w)thfpp!9<der J^ir^th^ spray guj). jC.and moved away 
..fronithe ^*^rk steti^^ in a relativ^JY short time. 
. • :*;Ch\^D adiditiwvtqthe/ipzd^^ the spray gun 18 has 
:c '-c' a/venjurhtypa powder, pu^ 2) which is con- 

' nected .v!(ith,a powder fee^ coptainf r 56. Upon actua- 
tion of a,so[eGO/td vatye 58 to an ppen condition, atr is 
condutied through the venturi-type pump 54 and 
{powjter jfrorp thc corj^er 56 is entrained in the flow 
dlfj^. An amplifier62 is connectaJ with the pump 54. 
Upon operation of a solenoid' valve 64, which is 
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operated simultaneously with solenoid valve 58. air lid. Similarly, if the nozzle 52 is offset horizontally rel- 

ufider pressure *is conducted thrdugh^a conduit 66 to . ^ t .1 :ative to a can lid 12 at thewqrk station 16, the annular 
■\ ' the amplifier 62: This air is injected into the flow of air ^ ■ \ ^ n , , band 46 of powder applied tp.the pan lid wfll be offset 
' - and powder conducted^through the amplifier 62 from , - horizontally relative to the can lid . ^ ^ ^ , 

pump 54 to provide arf additional pumping action. The . 5 ; . JOvpipvide for accurate. positionihg of the nozzle 
• -'-^ flovv of air with poWder entrained therein moves from 52 relati^^ to theoan lid 12 at wprk station 16, there- 

* ' ' ' the amplifier 62 to a diffuser 70: Updrf actuation of a, ^, fore, a three-axis adjustnient. assembly 96 (Fig. 2) is 

■ sdenold 'vaiVeT2toan opencbndifion,"ai^ , provided. Thus, the adjustment assembly 96 

; ' s&efeconductedthrough'a^^^ • .able to position the^nozie 52 alp^^^ 

- ' X'.vr ^5^7qV : . r..:r.T^- r - • ^io\ '■' wher^ the.Xaxte is cpnsi^lered' to. be the horizontal 

"-^ From tlie'diffuserro, themW of 

entrained therein eriters'an electrostatic charging unit . -The Y ax^is'considered to a^horfeontal axis per- 
' " " 7&:The electnsstatic IsHafging unit 76 is of the tribo-- : pendioiiar to the X. axi^. jf he Z axis is considered to 
'"'^■^ii^^blnc^f^^^ of tortuausly3 'j:?..v: /5 tea.V?rti^.axis,-^:N^^ 

": -3ft 3 irn..^N^n^^ kibes wfiii* eidei^ axiiiof-i .fS; :n>^fflce§t5i. -r. r t.^'. . ^ V 

:;ro?& -ti^^foWder^pr^y^uri^S;^ a Y axis 

30V..- ftri: ^^^'iHrough thes^ tubeCtH'e^pov;der con- slide 98 (Fig..2),J])e,)5a)^^^^ movable (into 

•'•i)c--i vr& ^%<^ the waiiS of tlie tu^ up an eledro-too .1 u ^S^^iV^S^J^^^:^ alpng guide tracks 100 

iFO,^ V ^' 'g^tijj^^h^^^^ pump 5Ar9^,r-c^ ^ ■ ,andi1;02 fo^^^ 

c -is'VJ 5(1- •*p|jfi'gfijg2; difftjseF . ^20 i.-:;2d^itha lea^j^^^ 

V -'^'^ ' ■ 7(3^f^ RatentfM07K3 Jt^de^S a|Q^^^ tHe,^^^^^^^ 

' ^^-'^^;987,0(fir* - •'^■'■-^'^ ^ -^ '^ r;cii ^^i^^^c^sHdfi^jIk^^ 18. and 

; w;t ^i^""'-^^^^ ^ '^^jvei^tCT^^^ provided b©- - i^r:v--:.th^powdei^ffe^ 

''^^ nb t^en'the:*nc)^e^^^^^ charging orill ;*:n..;.ni ^J^t^^ ^Jf ^ , r , 

76, Th^^diverter abiiembi/ 82' selectively interrupts s :-25 <..c j .Th%X axis sHde i12 (Fig. 2);«s"m9unted on the Y 
: . • - ^^*^^;^^h^^f jiSi'bf rc :e.,ax[s slide -98;^;.^^ 114 engages 

^^'^^tfj^etjjajiihg'ehdofthe v vt*in?a<te;in.«i,nutJl16 which^ rigidly'connected to X 

' ^tWh-iia-'H2:m^eH'thedh^erte^ assembly 82 -^Inr: r :a^isslide-1^2and isi^^ 

.CO ' ^ -j|jn^g(n^^ ^ ,:n ^ slide 98^. yj>orviT^nu8d;^^ 118. theX 

J . i ij^i^^f ^af^pa^^^^ conduits 86 and 88* :Th0vir so, ;^;;axi3vsiideil2;i5 gioy^^^^^ right in Fig. 2) 

0 t -'^ :^ relative tg Yax^.s^ 

' ''V^ae^'cbfle'cior fcoiit^^^ toX^^jcissllde li2;C0^ 

f *"^s^tem20.-'^ ' ' ' ' ^ ^ - , c:^ : : Y axis slide 98 to 

: ; \. fio^6 52 (Fig: 2) mUst be' accurately posi-'r slide 112 alorig,Y,axls sli^e 9i8l(te..,a^^ the X axis). 

' fiofied Wlati\^ to the- can lid 12^held on workpieca.: ■ -35,. , ThSvZ b^Xs slide 128 J? in turn mounted on the X 
f\ holding chudcs426ftur^^^^ axl&sride -I12 and i^^jmovaW 

f.' ^noide 52 is too'dds^ to a^ the can lid may: ^ r. , X axi^ sjide.^ iead screw 430 Engages a nut (not 

' "'.l impact agMst the ribzzle shown) which fedgidlys^^^ 

' ' " ' "38: iftheno22S52l5 t^ slide 112. 

• ' " ' aan lid'12 af the wdiHc'^tatioh'4ft^ oh the other.handj i;t40 Manual , rotation of a knob 132 rotates the lead screw 
' ^ the anriula^ i . -,.p13p,:tonpve Za5d^slidej^1?8 v^^^ 

^ • ^u^teiy^^^ Inone Y axis slide 98 and XaMS slide 1 J 2^^ 

*^"'*'f '"sp^cifici Wbo^^^ nozzl-s 52. . .3-. ; ... Eleirtrostatic charging unit 76 of s^^^ 18 is 

'" ' ' is' spacid-'appfbximately '1/S to 3/16 of an inch from, t. 5 v - ^ rel.easably .cjamped to 2 a^!cis slid^ 76 and moves with 
^ ^ ' the ^n lid'lS at ttfe wbf^ st^fidn 16. Of course, the.: : <^ ^:pZ axisslidejiB.as doe%(lp/ertgr assembly 82 and noz- 
r ?! 'v^/^speci^^^^^ carr lid 12 and nozzle 52 . • ^ < 2!e-52. Upon^m^^ slide relative to 

" 3 -.^ . v^jjj vary dep'fendlng upon the diameter of the turret . . X axis slide.1^ 
■ ^' 3i3,''gebme^ y of ndaW 5^^ air-pressure to the:spray. , < \r- P"mp.54, ampjif ier,6g apd dif ftjser 70 remain^ station- 
: ■ ^'V. gun pu^^^ 82.^ and other factors, -tvj ;; , . j • ary. Rexing mpvement betw^n^electrostatic charg- 

' ■ ."^ ' • ' 'in addlfibn io prbvidihg-fbr^proper placement of " Sft. ing,unit 76 and diffus?jJpis,t|T^^2 axis slide 128 is 
\; ' ■ '^thenpzz^^^ : . - -moved is p^ermitted by^^^^^^ 

'"^ -'f2 along th#lbhgite^^ at each end. Of 

^^jj^ayigy^-'-^^^ also riecess'ary^o accurately pcsirs --2??; ^coursv3, powder feed,container 56^ p^^ amplifier 
. . ij<; .: tibn the noizle^Wtha doncehbically iocated^rel-: , 62 and drfjuser 70, could, ^ mounted on the Z axis 
' - • -'^aitiVe to caivlid 12^^^^^^ if the nozzle 62:is-^^. ;50-cv slide 128 for niovemeijit the^^^ 

' " '••higherthSriTtshoi}ldbe>B^^^ r ^ An.indlcator 134 on Z icis sl^^^^^ 

vc; '-^^^ to a can lid 12: -^ x.-: with indicia 136 ca«: 

: iv. 5 jj^jjj effect upvwinity relative Mlie center of the can - : . the vertic^^ position erf the Z axis s|ide. Although only 

Jr-fv.r:iC:t ---.si ■ — V;..'' . .. .. .... . 
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indicia 124 and 136 for the X and Z axis^Iides 112 and 
^ 1 28 hasibeen shown in Fig. 2* it should be understood 
that simflar indicia cooperates with a pointer connect- 
ed with Y axis slide 98 to indicate the position of Y axis 
' slide 98 relative to the base 104i 

' It is contemplated that, from time-to-time, powder 
sptB^ 9un .18 will kib disassembled for cleaning or rou- 
tine rriaintenafice.* By pibviding suitable indicia to ifh' 
dicate the relative -pasiflons' of i^e X, Y artd Z axis 
' slides; thfe powderspraygun can be reassembled and 
qutddy rtibved baclcte the"de6ire4Jt)OSition relative to 
" ' the lid i^at wbrk'statioh"i6%tfe?h'e)'e routine main- 
teSaYice'-has been'BbSipieted. Morei^, Indicias for.».a- 
the Y and Z axis can be i^ea^^ng test runs to?- n 
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92. When sensor 1 52 senses that the quantity of pow- 
der in.the powder collector cont^'ner 92 is less than 
a- predetermined quantity, an output signal from the 
sensor 1 52 initiates the transport of powder from bulk 
•container 146ito odlector container 92. Finally, a sen- 
sor 154- is-provided to sense when^t^ie quantity of 
'.^>owderio the bulk contejper 146 ^.less than a prts- 
- deter mined quan|ity. When this occur^. an output sig- 
nal from the sensor 1 54 initiates an audible and/or vis- 
.pal. d\0Tm to anoperat^ indicating the need for man- 
. ually ref iDing the^containe^. , . _ 
rj\ Bulk cont^ner..146 and the pollster container 92 
afB \ibrate(iwhen powder is .ib te^fejl^from the con- 
tainers. Ir^ additipn,-the pov^jV b^i^sf^ pumps asso- 
:ciated witli these cp/itfiners^are.vj along with 
Jthe Qpntajiiers J46'an^^^ the powder 

transfer pjuix^andcpntaine 



- -The powder scippiy'sysient'^-itr'g- ^) wiiuwwf? •#w»i?'^ifi-fT»r?i^':r'^v-T"^^; ' 

the f low of pdwderio^d Yrbtrf'^^ 
" IS '-^Ppwder soiDplf s^teW M-stiMies *«>th virgirt i.-ri: .^cnilarly ,u§^linethod of.transpQ^,fpr the types of 
• ' po^er ahd^recycfy''^er%-*Rte spray gun-IB-'^s^r^ powders used jrx.cqntaiA^^ Mfbich are gener- 
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F^owder i5'apjfl/sysjttim"^26Hr^ from dl- 

defter a^embiy Sg-a^^ collector.^c • - .: 

1 42. .The ex(»^poiliS#cfelfe later described-^ir. : 

* 'in d^tail. drawsfexbeS pbwcferS&hich.doesinot adhere ^tr.\ • 

Co Vh^ cafi^^iid^iv^^r^W^titt^ le torth«r czsc 

powder ccllte^6^ fcohte'lhfir fedf sid^iply system -20.*c .r: - 
' Powd6r ajpplr%sfem 20 ^sh^Jnncipally cbnv n** . 
''prised of a bulk pbwder Sontaih^-1^ and a powdec ^ zc^. 
cpliecftJrc67Tteiny§2?.|l^^^ ^'^^ 
described In Wfe'^dSSiiyiatef powder id y '<so 

poureS fiitd iiulfc'"<*rjfelhiBtH46'^^ is transppctedi 
^^jjw 'c»hteiH&^ l46 ti>ifie" powder cWlector container 
92 as'n&cfej. iff ^owrtfer cdiecao^ 92, the. : • . 

'Virgin powder is irt&ced-Svith the recycfed powdeF-^o 
- which is* returned to tYt& powcfer' collector contafner f 
'^"^frcrfn the 'dtveftfirr aU^nffili^ d2'%nd excess powdefi 
' <|ofl^'ctof ^42. TlilSm&ed'&dWdeFi^then transported ' 
^ [ Wm powder colleSonr=c6htaihef92,^ needed/to-the 
' •p<^er/e«^i^"tsirhef 
b^"?ri detail. F^bed c6ntairt^5^' Supplies powder to 
3fi4ygun18?'^ ^'^u^-i' SrV ^r>u ^ 

■ Supply system 20'rriainti^ins a predeterihined . 
' mif^imunlquantt/dPpcw ' 
56 and In tHe jwwcfer 'cdllbcferrbntairter 92? If the , 
quafi^of virgin pbvwJer ifi buflc^pcfwder container i 48 

* falls'iJeldw a rhmimum predetermined amount bf pow- 
der,' an audiblenor visuS^oa^pu^^ is provjded.to • 

" the bpe'ratbr of th^ apparatlis^ 10'indicating that con- 
taln^r i46'nefels tb SeitlanuaHy'^refflledf- '"^ rr-- *.j 
' To'Snabf* powder gUppls^'System 20 to maintainn 
a predetermined mininttni qimhtit9 of powder trtfeed 



powders used jrx.CQgtw^ Mfbich are gener- 

ally difficult to fluWbeVit'ls^lso^^lwrtant that the 
ipQWder be kept dry.sp thai It^wpn't ilump together 
^ 9rid; thl&as,accomelished^ jair dryer for all 

^vitranspqrtaiyjsedin the§yste|Dru- 
' . VVivlbiator458 ig^ij^'jTianufal^^ by Vibco. 
'u-lnc. qf^Vyoirang.iUiodeJ^^^^^ VS-250, is 

-f Operable.tq vibrate buikpowfiec oopiainer 146 when 
£ yjrgirijpowder ts^p be tr^nsppr^ilJ^'jP^S'^ ® conduit 

. . — ^ f**^* 



t$0 tp. powder <5Dllje<ior/cootaiijer^ 
-^:flowd$rfeed pump/62i,whjqh'fe^ a pump 

.J manufetetured, fciy, NonlsonLCp^ of Amherst, 
^ Ohio, under Part No/245',477. is^oihnected to bulk 
-cpp^ain^r ,146yby a relag^eiy rigid cdnduit 161 to feed 
: p0wder^tD ^he conduit IgaPump ;\62 is vibrated with 
bulk container 146 by ,th^ yitiratgr 15^ By vibrating 
"both buikvcontainer 146.^ni^ th^ pji'mp 162, a flow of 
. - powd^.from'bulk qont^iner^14'6 Jto (jump 1 62 is pro- 
:5v/b u m.pt;ed. In additign, vibrating t^ 162 promotes 

jr;; Ihieflowcrf^powdWil^^^ 162 to collector 

t 40. 92.; Pump 1§f2 and cvibratQr|^;t53>!^"o^ when- 
V ^ - ever XYm sensw;152 indicat^^^^ additional powder 
' is required at the powder c^Ifec^^ 
container 146 is moiin^d on pl|t^rm 22 by means of 
vibratipn damping p^jte (not sf^v«3)'fo that the vibra- 
tipn of containec146 is not tran^ared to platform 22. 
; . . A vibrator ) 66-identi«j tQ,VibrE|^ 1 58 Is operable 
.3. s- J ?to vibrate a hopper 16^*otpoviderdpollector container 
.a- -i *,t92jiyhen powder ]s4o be f^^^ container 
c.c i-.: 92^tapowder feed <»rt aflditton to vibrating 

" t.he.hppper,16a,>op 166 vibrates a 
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a predetermined mmimum quannry or powaer . / /POw<Jer feed of?rTto|j^ve 17Z.y/hich is preferal>ly a 
' container 5^;'a s^hsbr 1«><Fig.--2). later described?:s-xc^^ ,Series 2600 yalye.npnufagliired^y Red Valve Co. 
-^•ijbvTd&'^'^'utS^^ - lnaofparn%le,P-ennsyh^ii and a feedpump^ 

miried qilkntify of powder is-infeea container56:Tbe:zD.. r i which is identical to .pump.162,,dun^ the feeding of 
oirtputsign^ 55- powder from.collectc^co5tain|r, 9^^ container 

" port 6f powderWpowd^cdllfector container 92 to r . r .56 through a conduit J76. -gig yejituri-type powder 
feed container56: Likewise, asehsor 152 senseffithe. .feed.pump 174 ,is continuov,sly, operated t>y corn- 
quantity of powder in the powder colleptor container pressed from controller 32 so that the air pressure on 
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the powder in feed container 55 remains constant 
Powder flow control' valve 172 fe opened to enable ^ • ' 
powder to flow from hopper 168 to^pump 174 when- 
eversensor 1 50 indidateis that additional powder is re- 
quired at the powdeffefed container 56.' Like bulk con- 5 
tainer 146. hopper 168 is rhoiinted on platform 22 by ' 
!rneahs of vibration darnping fjia^^ (not shown) so that 
the vibration of ho^p'elr 1B8 ii not transferred to p\z\r * 

■ ' Ah initiar filter 180 'fp^ io 
^, hogper 168 of ,collertorcontain& 92: Initial filtef-180- 
. : carripiises a pair 6i hoflow cylindrical filter cartridges 
_ vvhicH are horkonfcaliy mo^^^ sM^by-side abbve^ -''^ 



1 92 (Fig. 3) of the can lid 1 2. The powder Is deposited 
' dn the can lid in an annular band 46. Although the an- 
'nular band 46 of powder could be disposed at many 
^places' ori the can lid 12, the powder is shown in Fig. 
^ 3 as being deposited overa circular score line 48. Af- 
■ ter the canTid 12 has been moved away from the work 
• '"^ station; the powder is heated and forms a protective 
' cdating'Over the score line 48. 
-c : Nozzle 52 Includes a generally^conical powder 
' -ftow channel 200 through which air with powder en- 
^^^tfained therein flowsHoward the can lid 12. Powder 
*' 'flow channel^ 200 is formed between an Inner deflec- 
' ' .tor cone^202 -arid an outer deflector cone 204. Inner 
deflector cone 202':dngagies the center dt a stream 



X\ !^ 



" hopper 168. Fig . 2 shows a sideView of one of the car- 
' ' tnH^iae'iAn *«thK' tho'Wiiop i^aitr^H^^ i^g '"'^'-206 of afr and powd^r 33^ enters nozzle 52. 



tar 



'bidges 180,,wrth the other cartridge being directly be^ ' - : 
; .;fiind the one shoWh.' kic^ pf tfie filter cartrfdgeg^SO- - - - ^ When-s&eam 206 (Fig. .'3): o? airland powder en- 
" ;^'is o^en at^ ehl iftrOUglf i^^^^^ 310 to a; -['/^ > ters noszloS2;>staam-206 has a solid circular cross 
'cpnfihu^^^ 182. Fah-asi -^^^ %¥cticn^ 'C^rrfigara^^ cone 202 

'^^ .' 's^b^^^ openings^^ nDpefi£;ist^&am2062as^^ 

""'3^6. (only ph^^^ 2) andfilteW^ - 2o*^^ - 




ie; cartridges' 

\ asserhbiy 1 82,draws]^tfiis from the open 



25 ^^-^ tral pcrtioVi bf-t he stream to inci ease the inside diam- 



.1 



end of filter (»rtridge^^^^ *«^'%teroftlie:2iinular cross section of stream 206. 

.pressucf5saWni»m^^ powder col^ * The cuter deflector cona204 cooperates with the ' 

Jector cbntein^^^^ ^ ' ' ' ' - * ' '^ Inner' cone. 202 to limit the extent to which the inner 

bt r :^wcche202 expands the* annular cross sectional conf ig- 
'3^ ' ^lination "of stream 206 of air and pov/der radially out- 
' V 'hardly. Thus, aconica! inner skie surface 210 on out- 
ercbh^ 20^'/:is evenly epaced fipom outer side surface 
■'^^ 208 "of Ihh^rcbne 202. In one specif embodiment of 
^ the inventioh;6uter surface 208 of ccne 202 and inner 
Js^ " su^'c^' 210 of £3ne'204 are spaced apart by a radial 
' distance ofapproximaiely 0.1 875 inches. The annular 
' baiid 46 of powder deposited on the can lid 12 has ap- 
• proxIraatel^'thGiSame radiial extent Of course, the 
i cc i;''; sipadng between the surfaces of the inner and outer 
' ^ daflec^^ cohes'202 and 204 and the radial extent of 
' > ^ ' the band 46 of powder may be different than the fore- 
j going spscif ic dimension if desired.. 

In one specific embodiment of the nozzle 52, in- 
nc> I; nerdef ledbr cone 202 had a nnaxSnrum outside diam- 
'45 ' ^'et^r; attfe^ially'outeror rightward (as viewed in Fig. 
3) and of the cone 202, of approximately 2.5 inches. 
^ c^This resulted in the annular band 46 of powder depos- 
: A^^^sr , fted ori candid 12.havirtg a^Tinside' diameter of approx- 
' innately 2i5 inchesi'0f course, the annular band 46 of 
5G pdv)der could have a different diameter if desired. 
^ J A'^bodyrseetion 214 of the powder spray gun 18 
is telescopically inserted into the axially inner or left 
' - (8^ viewed in Fig. 4) end of outer deflector cone 204 
• * of the ncsttle 52. The nozzle 52 is in this way support- 
5S^^'-'-- Sd by the buter end portion of the body section 214. 

!h,th6 HluStrated embodiment of the invention, 
V fhe inner and outer deflector cones 202 and 204 of 
^ c V nozzle 52 are shaped to cause the powder to be 

6 



V, Jp relieve this"^iFire^ure,'air^"OT flows-- 

frOTiihe c^ through a final filter-^tse 

I to the atmosphere around the apparatus 10. The final 
'filter 186^remoyes any pbwdef which may remislin ih- ■ 

theairafterjt^haspa^e ISOr'i'he - 

*cpml)iriatipn finalVaters ISOarid'ISg'' 

^ eliminates the need to vent air throiigh a stack to the' 

Qtaposphere buteide^of a bu^ containing the appa^ 
^ratus 10 Suitebje nriohltors rtiay Be prov in aslsb- 
* cialion wit ht he final filter 186 to ih^cate when the f i- 
. nal filter should be cle^i^* ^ wilt be explained l^ter - 

oh in more^detafl, the pw collected on the 

, I exteripir of cartrid'ge^ l 80 is periodically |)Cilseci off to 
.../fall into cpllec^on hopper 168. This pulse cleaning" 
/ mechanism is'^also d^l^bed in* U.S. Patent No. 

4,$62^9b9 which Is in^^prate'd herein, in its en&Wi 

by this reference therein. ' ^i^^ * ^ 

The powder spray nosle, 52 (rigs. 3 and 4) Iss 

, . niaintained fn a spac^'d''^^^^^ 
7 spept to th^^can lids 12 sequent&lly 

moved to the work steteh 16 (Fi^:;2), sprayed wiih^ ■ • 

Vpowder at th4 work s^^^^ and rnoved aWay 

/from the work statibn: 'Although tHe can lid 12'arid 

nozzle 52do not eriga^^ each other at anytime during 
/ jhe^prpddis?,' the n i^ Wry dose to the cin-lid ^ 
„ . when the\(^n lid is' at tHfe workstation 16. ThusfWhien ' 
J.' ihe can lid 12 is iat the Work station 16, front surface 
' ""'192 of can iid'l^ is spaced approiciinateiy 1/8 tfi 3/Y6 
. s oif an^lnch fronf ' ' 

\\ ' The nozzle 52 spi^^ poWder^onto the siirfabe - ' 
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r deposited on the can lid 12 In an annular band 46 (Fig. 
-3). Itris contemplated that the inner and outer deflec- . 
tor cones 202 and 204 of the nozzle 52 could have a . 
different configuration so that the powder is deposit- 
ed on the surface 192 of panjid 12 in a different pat- 5 . 
tern. By properly shaping the flov(,path 200 along 
which the powder .flows thrQugh\the nozzle 52, air . 
' imost anyKle8ire^.pattern of^powder deposition can t>e 
/obtained on.thetnajQr^d^.-surifiice 132 of the caj) -.m. 

12. M©reoveri.ifidesired;:the ^lir^jsurface 192 of the ^ ^ to. 
~ can iid :12. orihe entiCB. interior Mota container, cpuld . 
\.be coated with powder cftQn\.^ appropriately .d€^ . 
'signed^spt«^.oo2zte,s uroo \ ::>i:H;^ - n: 

The excess pwdea|C0ltec|Wb1^^ ir. 



.surface.192 (Fig. 3) of the can lid 12 into the chamber 
218. This flow of powder is conducted through an out- 
let 2'32 from chamber 21 8 to conduit 234 (Fig. 2) lead- 
ing away from exqsss powder collector 142 and into 
powder collector container .92. Since amplifier 230 is 
continuously.operating.^it produces^a continuous flow 
^oj air away frpjn the work station 16. Therefbre, any 
oveirsprayed powder produced at work station 16 at 
, any time is drawn into chamber^2i 8 and transported, 
to collector 92.. \. . V? .\ , 

The diyerter assembly 82 (Figs.l^ and 4) period- 
...icaily diverts, powder flowing, through spray gun 18 
. .,"aw^ flrpm,tiie np^^ 52. "rae^diverter assembly 82 
* l.iknprrnaljyjnan a^ 



air or pow- 

esand issuSf»rtsl *460<Kzlfi^5a/ Excess powdencol? ..^^f^:, Jiaflo)«^.ujgjjQ'38>^yra^^ tHe;na4zle 82 through 
•lector 142 draws ftfhjw-of ©fi^ p<wwJer which <}oes,, ; ,.. I passages .^S jh0 24():(Fig. 4^ lesrfirig to the conduits 
::ndUdherato.oan*<|.12«<»aytli^g.Ttthpcamid (Fi^js),.- seandWtRgi^K^lienpow^^^ 
^ and bactetowart tteimerperip&e?y, gf nozzle 52..T»<e,,.., . tlje xp^^. ^2<^ a.Wl 2.t:h-e-djv^^r assembly 82 
rev6ree or,bacWI wtof-wetsrpsiyi^ eowdja- is djaiyn .;,s '■: jftcHanged anlr^ctfye M:nd^ ;n which it does not 
. into a-«enetaUy!iC0rtcaH!9Viity^%BLyrhich is disposed jjivert pwder.jfloyi|ig.y^^^^^ :gun away from 

^Jnsideacelte<«)ehouslngS2<i9n0/eertBndsaround;theio .n^e,5?,;l?ut,j9%ad an,6ws^ft^^ into and 
snozzle52-The<f»ow>flf5»ct«S9'P§»«|erawayfrom.caq.. ttirougt) no=le.52.T-Ren .when fh^^^ 
rlid 12-into.caylty,21*preyettfepoissdpr from entejlng - ~. frQmtHnqzd^. 52 te t6;b^infefruptM again, diverter 
the atmosphere-around-theeworJ} lotion A§. 3.-, a^wWy .^.te.changea.bad^lDf he active condibon 

\ Thd3C©llsctor-hi»isjrta.220 is.jnainteined iij a-r ,2a,., in whldi pov^gJer f(9w,from ttje m^^^ passage^^84 of 
-spaced:apart lalatiopshlj* wlth respect to can |^.:I2 ;, • .„. fluriia is diye^^into^jiassag^;^^^^^^ 240 (Fig. 4). 

tlie diverter assenibly.TKZ'ihaudes a pair^of air 
amplifiers 244 and 246 which^^^d6 a flow of air and 
powder jfirorn the main jjassage^ *9 tne dn^erter con- 
.dvitsMand^eS yvhen^the iji^ert^^ is in its 

>rmai active <»ndki6h.'T^e'fldw'^ air and powder 



'^op.the q[»^n passage,04 tl^gh the amplifiers 244 

arid ?^6 is cbndudedjiy'the ^ 86 and 88 to the 

--iis&powder cScdlector hoiisffig^SSOJ? mounted oj\ the ' hijpper 1i0 f^^^^^?^, ^^l^ 

no2±l(B:52, oparBtio«i?<x5 the adjitstn»©nt assembly ?6^. ^ ' 

^.positions the .exces$: powder collector 142 relative to. 
caniHd 12.:at the *ar9e.tiijiQ'8Bittie.no22le 52 is posi- . 
tiorted^relative to ca© lid r ^By^hsf^ing both thf .0% , 
lector housing 220 9rrt the ai^e 52 spag^ fi^ 
can Ikj^r12 at all tirn^^.cthe copyeypr 14 (Figs. .1 and,, 
2) caitquickly moveJhe :can IkJ.J? to and firom.tlje 
^ workstatloniie* . -.e n* : 

Collector hofUsingjZZD is>suppQrted on outer.i}g*5 
: fleeter cone 204.of nazzle^2. A copical outer side sur- 
r-: face 224 on . deflecfer rcpne ?04 ^operates with a 
.-cdnic^ inner side, ^urfege -226 jonxollector housing, 
-':;^142 to forir^j the generallyoopnicat chamber 218Jn^ 
•^hlcb excess -powder, is oollectedt tjhe chamber 21B, 
"has a,generally annular qros^sertipnal configuratiori 
r in a plane which exterids-i^^rp^ndicular to the longi- 
r. ^tudinal central of spc^gvintlQ. 



'during nwYBD^nl of tfjeocan Hid 42.^0 and from work 
-J station :16 andi during $pFgyiQg,,'qf<»n lid 12.,.Jhe ^ 
' : space between th3& colteclprrfK)iJsiRg:220 and the sur^/^ 

faoe.192of the can^iki^l^satttie workstation lei^apr,^ 
• pioxinniatel^the same£0a<tti% «Bc?ng between th^. ^^, 

tioz2lej52.and tte^rl9Q9.^92'i*ttte can lid 12. tfiatn, 

is? approximately Va^to.aftSi^.anjlnch. Since t^e ex- 
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.yirter^sserpbly 82 '© jn ah iriactiye condition, the am- 
' ■^*pll|ierBi^^4^'^$^^ off^^^(^ are therefore 

^ j'iieffectiyQtpj^^^ air jmd powder from the 
main passage 84: ^ ;;' J 'I * *; 'l 

j/At^ampirier 24^ 5. Amplifier 

40 , 244 in^Jude^ ayentuii^^ 250 having an inlet 

l 252 which is connoted in fluid cprniriunlcatlon with 
' main passage 84 thjrou^h^^^^^^ 

^ venturhtyjie npzile 250 has ',an. outlet 254 which is 
connected in^fliiW cpmmuni«iiidh 'with the conduit 

•86...., 7 'r- 

: ^ To Jnc(uce> ;f low of air ,wit h powder entrained 
therein fiom th? main passage ^ilro the ampli- 
;f ier 24i to't^e^ponduit 86. a solenoid valve 258 (Fig. 
2) is .actuaCecf .^ ah olpenjcondition to direct a flow of 
'.air urtd^r; pressure, to an infet 260 (Fig. 5) to the am- 

^ ^ _ _ ^ ^ _ ^ !p(ifier. Jhe ^tfflowfe frpnr/th^^^^ through pas- 

A conb^u^iope^dTvV^^^ fluW .ampll- , . 1 /jsag^ ^^2 gt thiB throat^of the noisie 250. The flow 

" - ' ' r^bf air'jnto nc^e 250;XhroH^^^^ passages 262 
.1 « draws air with; pwder"^^^ 
55 * mainiassage84thK)ulgh<jjyei^^^ 

' conduit 86.. The rate^pf flow qf aV with powder en- 
.tr?ined.thefem,frorh rtieoutieti'54'of the nozzle 250. 
' is a subsbirltia] amplfficatTon of the rate of flow of air 



45 



• 50 



tier 23D ^Fig. -2) iSTmpuntj^orttbejwnector contairier^ 
92 and is.connected ia*9uid communication vtpth ex-: 
cess powder chamber 21 8ty a conduit 234. Amplif fer . 
'^230; lata-desoibed; provkles a pumping action which 
continuously reduces the-flujd pressure in the conduit 
234 and draws oversprayed powder away from the 
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throughthelnlet260oftheamplffier244.Thisresults through the screen 280, it is aerated and otherwise 

in a pumping action which draws the.fiow of air with , pqnditioned fpr use by the powder spray gun 18. 
powder entrained therein frorh the main passage 84 ^ . ..^ Scre^n assembly 276 (Fig. ^ is ^^^^^ 
•■^ - through the amplifier 244. i . > .**l.cantileyered arm 286. Arm 286 extends Inwardly from 

• The diverter assembly .82 includes a second am-^ s/ ^ ! a cyjihdrical side wall.288 of bulk Container 146. As 
pliflfer 246 (Fig. 2) having the: same .construction as^^.- . previously described/vibrator 158 vibrates container 
- the amplifier 244. The amplif ier246 is effective to in- ^ ]■ , 146. The cantilevered mounting arrangement for 
* duce -a ^low -of air wilh powder. entrained therein. ^ * screen assembly 276,allpw5 the 
; : r through dlverteppassage^240 from a side of the main, , , ;y\flth. container ,14^ of the vibrator 

. **'ir passage 84-opposite' to the. amplifier 244. The com- V,.^ "Hs's: ln..fa(^ 
^ • .-J ri', blnedMe'ct of the two amplifiers 244 and 246 Is to In- " the vibration of screen 280 relatKre to the container 
" ' '" duc6 th6 entire flow, of air with powder entrained. , , 146.as^t^e.cpnteineryibra^ 
V, J - ^the^^^ the rjnaln:.passage 84 and ffew^: >r :i / J[ng through the 

Vi '^.c<". through th^^ diverter assembly;82 to the conduitsie ,--r : ^95^9'"vP°i;^°" container 

o r-^'H tJ^nd 88. scfthatflovy towards spray nozzle 52 is cut d^^ 
r^MCo ^^^b '/^iiAsecond solenoid 264 is provided^t^^^^^ 
5-5.. . 3-i^^lir tb tfieamplifier^4S; sir ;u~. ^ is. ' T . 

:.5 :ia^.cG>-.;ec: ^Although the aunpim^r 244. has feeendescrlbe^^^^^^ -^..^ ;^s tfie powd^^ 

connscttonwrththediveKtersssembly^ rirri6?M'?M'^a^ 
-t^.Ci « oit^^jnaei^ddd that^th'3 campllf ier 230 which inducesr?jl;. ^^Oir^^/JUsjlc^^^^ This 

j^;- c -^tcr^e^ of filrand^powde&frGm1he:>e;;ce«s pqwder ool^^'^ .^^^t^P^^drifti 
V ? 5«rT ledfcp: 142' ftie .the :same general; construction an<a^^;.j.v ... y^s^^ly^through cfro^ in the 

* - •^^'r^ mdd^of oi^ratjoneas^theiampli^^ and ?4Q.,J^^o^^,\sgl^ of air'and^dust through the 

Hwvever^ the ampiifier 230: which dr the excss^^,;, ^ . , p^enjog^ 2^^^ to an'butiet 294 by an air 

y: c - . ^ powder from^the chambfe-218 <F!g. 4), is somevvhat^-/.l2f Rf^Y'?®^ tq Jhduce a f low of air 

o;<. Kiq^^or^^xi^tUi^ amplifiers 244 and-246 and has ^ -J^^,,^. . , nn^ 
^- .-u^ v'jn-> gi^^tw'fl6w'capacity;<UkiBwlse?t^^^ ;J^9^i?0- 

.r- ;s.-^£r.;.w:. t j^jchifcrm a part of thls powder coat^g system^ ^30ato the fibwd^ collector 92. Ampli- 

- e:it:c a^£unplifse> 62> are also of the. same general confip;^^ fj^';^^'df thq same design as Is shown in Fig. 5. 

Cicvaite n^orati6rra^is shown1n^Fig;?5/r ' -i - -i ^ J!^'^.r^^ 10. virgin pow- 

: r r-. ^ ^j.-. - As menticned above, collector 92 (Fig. 2) is sup- ^. , ..^ .^er^vifl be s^^^ the Bulk'powder container 

« plied with Virgin^ pcwdei^froro bulk powder contaip^i^^j . . ^ ^14|3t^ pbwder collect 92 through the 

' 146 as noededJ^When the bulk powder container 146 ,,. .1^ Jpurnp3|2 apd;^^^^^ 160. When the quantity of pow- 
- ' r, : ^fe tb befnied with virgin powder,:^ coyer 266 (Fig. 1) r«,^^| ^'^^der in'the^bujk 146 has been de- 

' .^fM Is rbmoVed from bulk conteinet 14Q;:This opens a cir-» ..^ jrc.r^as(S<f ,to^^ a predetermiiiiad amount, the 

'•^^ cularuppVend'poi'tion^?^^^ c f^'^??'' ''^i?^" ^^^^^ ah apprppnate ou*^ 

J. v-.t46i ' '^i^y- 'j,, « i». ; ^ i^- , . t^^ 

^-i^rK , A hcrizohiai annular isJdeowsill 270 extends in^^^^!!^^ ^.i^afa 

wandly from a rim 272 (Fig. 6), of th« opening 268. Anr^,- ; ^ J^, U?^buik^^ (intain^ shbcild be refflled. The 
i : : M . f ? -nular sPde plat3 Is ccnneoled.t6.a \/ertically downwanj^ v1??' ! ®Vns?tl?4 is positioned opposite a transparent plas- 
: . - ^J|y extending cylihdrical.\vall274.Asieve or sc^^^ 
: : f; ^^embJy 276 is disposed in axtal , alignment with. the,J / ; h^^^^ 
' ^; ddwhwardiy extending wall 274. fho sieve or screen,'^ , . l.^Senspr^^^ pr^entiy preferred embodiment 

; . i V Assembly 2761nciud8s:an.upwaitjly:extendingi<5^!n-.,l^^>^ proximity swte^ whic^ is commercially 

• * " idri&l .>«^!"i278:^^ which aelescopl^^^ overlap^ jfthg avaliabfe,^ 
• ^''^ 'dbwnwardly extending wall 274. Asoreen 280 ex^^^^^ : frQ!jrt,|fector. incl/a subsi^i^^^ Electronic and 

• ' ^^'cross the mneriwall 278;: : ^ . . . L T h^^^ 

• ^ • TofRI bullc powder container;146 with virgin ppw-!^ ^ CQunse, ofjti^^^^ types of partiojlafe m^ level sen- 

der, the powdenis poured from a b.ag or box into the ,^^ , ^ sors cpuid be used if desired ^ ' 
A. open upper end of thoxylindFfcd w^^ jlj^'powdef colle^^ 

der flows' downwardly onto the; screen -280. Some , , . tions^ |s^a redeivirig IbcafiooCfrom which pow- 
' ' * ■ powder fiovfe through! screen 280 and some rests on . . ^o-^ der is^transported to the powder spray gun 18 and to 
" screen 28auht!l the vibrator 158?is.operated to vibrate 
tfiebulkpdw^ ^ v^. ! ;ahdjrornexpe^po^^^ 

. .jq -'j Vibrator 1 58; the virgin powder isyibrated through the " 55 ' tor container '92 indiides a relath/ely large housing 
sCTeen 280 and falls downwardly-through a cirqular , . - , , 302 .whic^.enc!pses the hopper 168 and fan assembly 
-J . . » I ^opeii lower end jD6rtion.232.of screen assembly ^76 7. = . . 182. Hpusirig 30Zhasan inlet304 which is connected 
- Into bulk i^^iier c6ntainr»r':tit6rAs the powder fells / 'to coijduit 160 from' bulk cortfatay 146. Whenever 
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* * , serisor 152:detBcts that' the (Jufiiritity S'powder in the 

hopper 168 is less than a predetfermined quantity. 
'y , , seiii^V 152 produces an*appropf^tE^ d&^ 
r controller 30. and pump 1 62 is turned on to transport' 

1 air wfth yjrg.in powder entrained therein through the 

* conjjult 160 to the inlet^ 304. Sensor' 152 is identical- 
\^ , to fehsdr 154. and like'sensori 54'.' senses the level" 

of ippwder in.hopper 'f^ 
r //dow(nbfshowd)whik^ 

• 'I ' ^ hopper 68.' ' * _ * ■ . ^ . ; ' 

^ i / .\\pyrmg spraying cTfWork^^ ; 

/^.j.; " i, tiori 16, excess ppwda^^ 

V-f 1^ .povvder.c&lecto^^^ i\ 

2^".. V! * . arT^plCier;ap^^^ a sec6i%l 'uflet 3b6to>Dwder collec^^^^ • 

Ci, V ^ .'"^^1 Poliwie^is sl^'BWer^ info oilife'cfibn hopper t68' '^is^ • 



, . ^conduit 337.from/eed Jhot^^^ wmcn win oe oescn- • - 

. bedJatej pn.,H^^ 0o^er into hop'jSer'-^'^o'^ 

; llB8^frditi th*es^;Yafij^ necessai^'fo '•^'•^-^ • 



SO? 



35 



* //"through ppenings^S'W'ft^^^ of the hc^ 

, r .per 1# 5iruiVwad('of the*^^ 
.] • ^PPJPer l|a fromTlie c^%;W as prBvi6tist)r 
' ' mentioned, tlie'.fan* i^^^ in- 
. , ' ! , ^ J duqe? a flow of air tljrouj^ tojer Saftildges 1 80."Fhfe 
, ; flWpf air rd^l^ in\iie po^^^ tifeihg depositedf^ift' 

the 9^^e;6f the?dt^^^ as t he cleaned^ 'f- • 

auf; flgws into t he Ifttenpr tlhd 'dartridges. this ^' 

• . : rj^v ' v^filC^^ therf drawn*fi^^ 
, 'esSki'through'o^^ 
. "'3. ' ?iS4j,*y 1^8^ through final 

^ J i %i4?A®^^M^f^^ apparatOs 10^'"'^' ' 

-'V "iG* ^ '^'^ prevent from dogfiingi 

' . ^^^.i^»g^i pressure pulses air af^lhlem directed --^ V'* 



,^ . : .... .^ /. /Rg. 2) fe F^^^^ 
, .,y''y*:;'througfi',a 'cohdiiit SUJ'thfl^o^d^^^ 314 Is ixtaliy"-^ 
" ; : . aligned wfth the opening 3lO;andllhe longitudinaf axis^ ^ 
* I- of!,oneof iB6fk second conduit 

and solenoid vaKfe*\npt sfidWn), 66rrespondlng tC'lhe'-'-^i^ 
. ^-j. . conduit *^S14 and solenoid iaVe,3't2, are proviaed to 

*. perrnit pulse cfeaning ""erf the second filter cartridge; 
. . ' JheaxiaiflowiSaVikofh^^^ 

, 'J^ ' : ' "; the powder off ofthe oCi^d'^^^^^ IStf scf - * 

' 7 that the powder can fall ^o\^war^^ into the hopper ' * 
' . * , .'^ i 68 for trajispbrt through pump 1 74 to feed fifipper 
, _56. , 7 ;■ 

^ 1;' , ' Po^jder&cihdi^^ 

^ _ . 'to the feed p*)wiferc6n^iner 56 through the condcTit * 
i 76^ To establfeh a flow of pow&er ttvough the coriduK^ ' 
176, pneumaticaDy actuated pinch valve 172 is 



t r 



55 



opened. With valve 172 open, powder pump 174 
pumps a flow of air with powder entrained therein 
through the conduit 176 to the powder feed container 
56. The venturi-type^powder pump 174 is always op- 
erating as mentioned,.above. Therefore, when the 
pinch vah^e t72 is dbsed; the: pump 174 is effective 
to maintain a coinstant fluid pressure on the powder 
in the powdecfeedcontainer 56. Pinch valve 172 and 
pump 174 are -connected to.the jiopper 168 and are 
vibrated with the hopper by the vibrator 1 66. Vibrator 
166 is operated whenever pinch v^ve- 172 is open. 

. ' The housing 302 of the powdeFCOllector contain- 
er 92 Has anopen upwardly-e^ctendinghood 318 (Fig. 
1): A rectangulaT'^Qpening 320;S ^rmed in the side of 
the hood 318 whifch faces towaoi^lje^ powder spray 
gun 18. The fdni^ssemWy 182 js ^ective to induce 
tfcontinuous'f{ow:ofEair-through.t)te opening 320 Into 
. the powdercolleGtor oontainer^S?,. 
' w lf>thff.vhHkely«v©nt.of af:ireii^co!!ector92, pres- 
sure can- escape frora^t he powdesf collector container 
92thFoagh.the opening 320 ioitheft<?q{J 31 8. This pre- 
> vents a'potontially$6xpl09ive bu[ld^up>pf pressure with- 
in the^powder:colleGtorcent^lner,SKi.. < 

■ V A generallyxyiindncaf powd^r/feed container 56 
<Fig. 2) is mounted above^thei^ow^pump 54 of the 
spTE^ gun 48r During operalioa^clih^ spray gun 1 8, 
^powder is drawnlfrom ihe powder .fe^d container 56 
* by the poWdetfeed pu^pp ^1 Ppv^c^ feed container 
56 is supplied with powder frQnfi.poyvder collector 92. 
:^ . .Th&powderfeed(CO(itaineir §6 includes a cylindri- 
real housing* 324. /Ar,stirrer 3^. (Fig*, 7) is disposed 
' atong the verticabcentr^y: a);fe of thahousing 324 and 
- includes four radially disposed; arm% 340. The stirrer 
^3204s slowly rotated. at approximately one revolution 
per minute]l)y a motor 327kTbe sjirj*^ 326 gently dis- 
turbs or agitates the powder to psomote fluldization 
^andflow oft he powder tjie container 324 into the 
powder pump^54r ' ^tv- j . ^.w 

«fluidi2aiionof.the^>owdei5irv^hpcontainer 324 is 
also proiirK>ted:by a. flow of :air. through a fitting 328 
(Fig. 7) into air. annular chamtjer-iso" disposed be- 
' neath a porousj)late.332. T?>e air flows upwardly from 
^the chamber 330 throu^h.the plate,332 and the pow- 
^dfer in the housing 324. Theair. wlth jome powder en- 
trained therein. is<^. exhausted -from the housing 
through a gr^vity type check valve 336 whenever the 
pr^sure in >container 324, is enough to unseat check 
;vaive 3361 This air and powd^ is conducted from con- 
tainer 336 to the hopper>1€8 in the,powder collector 
^ container 92 through «a conduit 337. 

.The upward flow of fluidizing airthrough the pow- 
der in the.housing 324* and ttje stirrer 326 maintain 
the powder in aloose:and fJutdi?ed- condition. This fa- 
cflitates unifornrftow of powder into the powder pump 
54.^ » :.? -r:c:. 

The sensor 150 (Fig. 2). .which is identical to sen- 
* sore 1S2 and 154. senses tfee quantity of powder in 
the container 324 through a transparent window 325 
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' . . provided in the side wall of container 324 and, when 
less than^a predetermined level of pdwder is present, 
provides an appropriate output signal to controller 30. 
The outplit signal froni the sensor 150 initiates the 
opening of pirjch valye 172 and activation of vibrator 
' ' ' \[ • i 66 to transport powder from the powder collector 
cori^iner Q^^through the cbndult i76 to the powder 
feed c»if)tainer 56. The flow of powder, from the con- 
*r V. - 176 entere t^^^ 324 (Fig: 7) tangentially- 

,r 1 1',^ ..thrpuigh an-bpening 342; By haying a tangential flow ; 
.J ^^Vof powder Into tfie. ho^^ 324 through the opening'^' ^ 

,'342i|J^^ ' 
.5 ^li ^Li.r'^^^'^^^"^^^^ ?^*rj^^9 effect is afso 

ai 'i- >T ><F)%iMce^*.wfien,'np housing 324 

:. 3tr.«^' ' ri,^!}^' even,,w%n pinc^ J^^Jyf ]7X.}^ closed <»fl>' 
Jbfcnti ^ 1^^^^^^ opening 342 

,ecs./ : "~ r "'-^ V t^in r^ela^^^^^ tenditions inside ^' * 
.^J. 'iip^ being #ahs^ 

ll:':}i-^'v '' SF^^ )5ito.-the fio^^^^ constant ^ 

^lil :j ic.: * '^ . i^}»?sure M lev^ ih 

-fornri fronri p^ujse to jwlse. T^^^ conditions in 

. -i; 3 . ^.,1^ ,^^,.^'hpppe aisp determine ^ovv;nriuch powder is er>" 
• *C ii r/l C^^^^ Pipf^ P^^^t ^°^?.P?^®r discharged from 3' 

o : ^ ' J pump M„wlth higher pres^re <»nditlons resulting In ' 
V' -;:5.f .--^ • . P^^*^!? ROwdM being entrained infeach pulse. " 

'uc?L:-' it is (^ntempla^ diie to the fact that the" 

i T-' 1, n I :;Powder- ^ eledbroj&tfpa^^ fire could occur 

:;iry^r ' , 7 ' bet^ ^' 

• ?! 7 Japparahjs 350 i;Fig.;4) js pi^^^ 
^ ^ ; ... rence of such a/ire.' Upon the ocburrence of a fi^e be- ^ 
r^^" ' ' .tvwenthe.noz^^^ be^ 
J., t . ^. , Jt. J drawn, into the excess poy^^^ collector cavity 218 ^ 
0.. ' • . . due to.the riegati^^^ 

»>j • «.^r/* '_thererth€^,fif;e wi^ leading 
f i:, w - ^to the collector coh^^ 

tends iacrbss conduit 234'fironi an ai^m 356 of a sWitch 
: assembly ?^2 tp.af^^^^ 

^ . „ ^r^.the conduit frorn'switch assembly "352.^' 

r , The filament or fine 354 is fdrhned of niateriai whfch ^ 
hises.or burps upon even a relatively brief exposure 
, . . "ij"^ , tp/Vlarne or heatJ^Mhough the 'filament 354' could 
i " : r^^havje many.diffe^ 

, ^ 1/ferred to form tlielfname^^^ rigid poly- 

-to J. a • - ester core;i5urrounded by a jacketbf nylon. Thfe main- - 
C' ^..^ J ' ner in which the filan^ent 354 is bdnstructed and'co^ 



\0{ 



operates'witji tlje svyitch'352^ same asMs dis^ 
. clpse^^^^^^ Paftent No. 4,675^^^ is hereby 

incorporated herein, in its jBntirlty, by this reference - 
v^,ttiereto,p. ' " .^^'^-'--i 

^ : Upon the pairren^Va between the nozzle 
.v ., -. 52 and can iid^^^^^^^^^ be drawn through" ek^'^' 

A 5 ^ „ cess powdVcplJed^^^ to conduit 234. Upon in- 
.. . J tering^cinduit 234,' the fife wiIF burn through filament-' 
r.354jre'^^^^ 356 of the swi'tcif 

VV ; ra^emW^ V\ftien,fhe arm 356 is releasSd. con^ 
Steels. in the Jswttc^ 352 provide an 'output 



signal to the controller 30. Upon recen^ing a signal 

• from the switch assembly 352, the controller 30 con>- 
pletiely: shuts down the apparatus 'IQ^which cuts off 
'further powder flow through.the gun and prevents the 

6 fire from being drawn into collector 92 so that the fire 
extinguishes itself for lack of additional fuel. Although 
' ^ one specific fire detection apparatus 350 has been 11- 
^ '^iustratedf it should be understood that other known 
fire detection apparatus could be utilized if desired. 
10 ^ When voperatiph of the apparatus 10 is to be ini- 
< tiiated,lhe spray gun 18 ahd^excess powder collector 
^ 142 are accurately positioned relative to the can lid 12 

• at workstation 16 and turret 38. Thisis accomplished 
by operating the three-axis adjustment assembly 96 

'/5 (Hgi 2) to first move.the X axis> slide 112, spray gun 
^: n6zzie-S2 and'excess powder:collector 142 along ai 

• : -axis Which^^ central 
axis bf the'spray'gun.pc axis). The mzzle 52 and ex- 

ii;^- i - recess pbwdercollector :142 are then positioned slde- 
20 ! V :ward!y^relative.ta'a can lidd2 at work station 16 by 
: X nrK)Ving the y-i^s SslW^^^ the base 104. 

'^i ,- o? yT\io tlb£2l€rsi2 and-'excess;powder Rpllector 142 are 
.\ fihen positlohedr vertically relative to the work stati^^ 
' c i . V IS by moVing:the 2 axis^s^^^ 128. Several can lids. 
25 ^f^: or-other workj3teces, can bejpos^W^ in this way 

- ^ ^<a{id:;thefi coated to find the optimal position of spray 
' -"'^ M gar? ^t8 relative to: can-^lld 12. The X„y and Z Indidas 

' can then be recorded to ensure that this position is 
..i^r^tnairitained.^ '^^i . sr. 

-iso . ^''"^i-Tiie powJer suppiy .system is then checked to be 
J - V e^rtain that powder supply containers 58, 92 and 146 
'contain the prcperamountofpowder. If they do not, 
" ' • they aife filled to the desired levels. The supply of can 
^ - lids in the holde»^3B is then checked to ensure that it 
35 f. -J ' Is adeiqu'ate. Opisratksn of-the conveyor assembly can 
now be initiated so thsit:tCirr6ti38' rotates to index a 
.^^ ^ ^ ^ first^n lid 12to-thsworkstatfen 16. 

.r.:. c>5.: 'As-tHe first can Iidv12 moves to^the work station 
X- \ ':\r iBi^the'solenokl valves 58 and 64 (Fig. 2) are opened 

• ^40 to provide a flow.of compressed air through the pow- 
' der pump 54 and amplifier 64, respectively. This 

: i r ; - pumpslDowderfrom feed hopper 56 through pump 54 
- and amplifier 64 into diffussr 70, and through diffuser 
•-.^■r 1: 70 to^the electrostatic charging unit 76. Solenoki 72 
/ij-']: of diffuserJO Is always open:^luring operation of the 
a system to provide continuous airflowthrough diffuser 

• " ■ 70 to purge the gun between pulses as is explained 
; ^ ; : in D;S. Patent No.4,987,001 which jias been incorpo- 
f'?'^ k Vated by reference. By purging the gun between puls- 
' ^sS '' **esf the air flrcm diffuser 70 flows up into feed contain- 
■iz eef 53-tO keepcpowder from container 56 from falling 

into punip"54 when pumpt54lis not being operated. 
Hr > :'r Atthisti^te^thedive^te^assembly82isintheac- 
'^'We condition. That is, solenoid valves 258 and 264 
55 '-^ are bpon so that: compressed. sir is passing through 
^ " ampiifiers 244 and 246., Shortly after solenoids 58 
< and 64 are energized, however, perhaps 10 millisec- 

- ohds 'Which is -estimatedsto be the amount of time it 

10 
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' takes for the front of the powider pulse to travel down 
* ' spray gun 18 from pump 54jto diverter assembly 82,^ 
•solenoids 258 and 264 are de-energized to allow the 
powder pulse to pass through Hie. passage 84 of 
^ spray goo 12 tD^the nozzle 52. . ^. 

As iheiStream ^6 of .aicwith powder entrained 
. thereirf.enters the nozzle 52,Jhe stjeam has a solid . 

circular, ctoss sectionabcQflf 'juration. The inner de-. . 
- fleeter con&202:{Ffg>^>-open&the central portion of 
• the streani 2061 This results inithes^tream 206 haying,. 
: an annular. cross^ectionahat^a;9s: viewed in a Frfangg 
: e)(leriding perpenttiajlac tO:;th!eclpngitudinal central. 

aidsofithe-sprayagmiilS.oniie'rscc *, 
^Affthe.flow of'>powdcr>c^tLny^8through th.ef?n- 



pus flow of air through the solenoid control valve 58 
'and 9 continuous flow of air and powder through, the 

pum0,S4. The diverter asseml)ly 82 would be operat- 
ed to int§rrup.tth^Tiowof airantfpowdertothe nozzle 
52 during movement of a can lid 12 to and from the 
work station 16^ the diverter assembly 82 would be 
reci.(Jeredjriactive only when a dah lid at the work sta- 
tiph 16 is to t)e sprayed ^ti\ paw6eu ' 

' . pan li^s are processed at a rate of approximately 
three Wundredjier niiqirte/liiis h^h speed operation 
is obtainable bbi^se'pbwder Spray gun 18 does not 
:J jpteractwiikOtei/(»i^ 

, Vec^ ajlpw of p6^ lllfi Thus, the noz- 

'^'zle r5i/and'"ex&^^ 142 remain 

15 %Raced' aparfferi^ the i2^'dAing movement 



10 



^5 i:-* 'flQlapptJwderilowsdiannai 2Q0iln^fi^ nozzle 5%.i]^e \rrifr^"'^"^'x'":^,r^v^^^ . . 

^-vr..:.:s;-,.i^Strebm'2e6of:pov^^ * :r a Mp^.^t^^^Mf 

. 17 ^ .:,Radlar» expans!bnv<##ttQ^treOT 2QS continues, urjtil .l^^ i-M sprayinp c^^|>dywler onto tl<e canlids at the work 
^.the fcross^setttonalHsizejiand^cjinfiguratfon Qf>.the , itafio^^^^ 
' - - stream i^jriBspondsit^atteod^sir^conf^urat}^^^ , o/i.^PJ?XgV'?:«t?M^^^^^^ 




^1 -.-r^ 



^..•powderoccurs even;whOT,tto^ict.)'iis electric^Jy l|ir,.,^i$, quantity of powder •nth^:pw^ » 
^sulated, sucfr aaby mountlngilt oi>f plastic vacJum i , ^!'^^^ 
= chuck:42vin thatthe:lid will still i^aye a differentelec: ... d^rfeed cortoin^|6fallS tfelbWl pr^ lev- 
trical potential than the qbai^^^yyder l^.^ ' e^J^I sep&r 1^ 

- As a^coatingofipo^er is being applied in ai^ an. - . . , nal. t0^confro%^Ojvhidh 
^ nutar band^todhe can.iids:1fc.«c<^ powder.whijh so; , Pinch vdv;e:iY2;(Fi|,,2) fr^ an 
■ doe»^<il«dhe^eto4bet»9^Wai9^*?wnlntothei^^ ^r^^^^" ;^^"^^^^ 

■erbV218iin>theexcesspaWi^.cp!leptor142.Ttee^^ , :ables pjqv^ertpj[lpwffe^^^^^^^^ 
-6^epowder is dfawnr.from;th^.chamber 218 -aci<. , 9?'thrquaM^^^^^^ pump 174 to 

:thmughthe^ooruJu^tfi3■4bylihe^*1uousl^ . >^H|,Ro>^er^fe'ed; 

AftBrthesdenoid.valve%§8#njl64(Rg4)*ave ^ 
beenionfofcapproxim9t6life80 fnilliseconds, for this pp^, > rP^mp ITf ^.pron^^^ powder to the 

plicaWtheyareturnfitd^tom^uptthepitt^ ' 5?P^^^'^®/,?n^ ^ 

of powderfmmfeed toppai^.ViPR^^ Tthe/lev^ of p^d^er l^the-Tjopper 188 of the 

liseconds thereafter, solenoid^ 258. 264 for amplifh,, ,-40, . P^^^^lf^^^^l?^^^ 



ers 244. 248:inthedryeTteri^ss!Bfnbly are activat«j.to,^. 
divert the ftow of powder away froan the nozzle^siby 
drawing air.wfthi.powdef entrained therein fn^ tj^e , , 
^us' 3-;- main-passage 84 thcougb^ttje QoriduitS|;96 an^Mtp 
coilectoc92; This diverted.powiier comprises the "tajl" 
of the' powder pulse; ^d. by. pitting the taO of.the 
' 3*:;: .p^&voffv the pulse-* .of^-pc^er coating m^^Nj , 

. i-'Sprayed toward lid::12fe>clean!y cut off. The tiirre^?8,; 
u V ' • ■'■ is then rotated to nrtove ttiejustcoated <*an lid j2frorpn 
' -r th6 workstation 1 S^nd.to tfm^ next succeeding 
i^r :canlid42tDwprk,stationj4fi--cr/ al:^- , 

- ' " ^ \n the fllustrated embodSment of the inv^r^o.'^, it^^ 
- is preferred to establish aprinte wittent flow Qf ^ir^ijd j 

^ ^owder^from.the.povwJec spray gun 18 by interrjipting 

- the flDV^of air and?powrfer through the pump,54 (Fig.^ . 
•52) connected to;tiiapowder feed^ntainer 56..How- 

ever, if d»ired, the pump 54i50uld be continuously, 
operated. If this was done, there would be a continu- 



so 



.55 



mined level! Ws^^^ &n appropriate 

' output 4grikl fo/cc^ wfilcfi initiates operaticMi 

' .of the poWcterf^ powder from the 

bujk.pow^efddn^^ Simultane- 
' "9usly witli mrbitbon of 6peratiorf'<3?the powder feed 
. .pum^.1^; th^ vi^^^ Operation of 

. ih'eLvSritorjM yl^^^ bulk^powder container 
: * ^'l46 and'tii^;^po^ P&mp 162 to prorhote the 
ev§n flow of >rii^h^r^jdferffari^ bulk container 146 to 
colle&rhopber tSfiif '^^^ 

The carfridge filters 18tf aiS|Jbsed in the hopper 
' ' ;j68*bf thyj^wd^^^ 192 remove the 

' ' .powdfer fromlhe aif: Bl'^st^^'of compressed air are per- 
iodically direik^itto tftj^ <ailridges 180 to dislodge 
ahy^pqwiervlSikfra^ exterior there- 

' pi A fan a^mbly 1 Eg^ pr6md^¥'continuous flow of 
cleaned |irtHr6ugh the f ilters^iSO'and through the fi- 
nal f flter i 86'ifito this aimdsphere^around the appara- 
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tus10. 

During continued operation of the powder spray 
gun 18, the level of powder in the bulk powder con- 
tainer 146 may fall below a predetermined level. 
When this occurs, the sensor 1 54 provides an appro- ' 
priate output signal to controller 30 which in turn ini- 
tiates operation of an alarm to notify the operator of " 
the powder spray gun 18 that additional powder is re- ' 
quired In the bulk powder container 146. ' 

The foregoing description of the method of oper-- 
ation of the apparatus 1 0 has been in conjunction with 
the spraying of annular bands 46 of powder onto can ' 
lids 12. However, it is contemplated that the appara-^^' 
tus 10 could be utilized to spray powder on many ciri^^ 
ferent articles, including can bodies. Use of the appa^^' 
ratus 1 0 to spray the interior of can bodies 366 is illu- 
strated schematically In Fig. 8. One end of a cylindri- 
cal can body 366 is closed by an end wall and is ei>*' 
gaged by one of the chucks 42a. The opposite entf^t - 
the can body 366 is open and faces toward the spray^ 
gun 18. f ' 

As the turret 38 Indexes, each can body 36^^i^ ' 
moved in turn from a pickup station (not shown) to'tHe^ 
workstation 16. As each can body 366 is moved tothe 
workstation 16, rotation of the turret 38 is momentar- 
ily interrupted. A central axis of the cyllrnjrical can 
body 366 is coincident with a central axis of the spray 
gun 18 and nozzle 52 when the can body is at the 
workstation 16. 

The spray gun 1 8 is then operated to spray pow- 
der into the open, outwardly facing end 6f the can 
body 366. Powder Is applied Into the can body 
through a nozzle 400 having a single centra! opening. 
The pulse of powder sprayed through nozzle 400 first 
impacts the bottom of the can and is then drawn by 
excess powder collector 142 back along the walls of 
the can so that both the bottom and side walls of the 
can are coated. Any excess powder which does not 
adhere to the can Is drawn into excess powder collec- 
tor 142 and returned to collector 92. The system op- 
erates in the identical manner to that described above 
for the coating of can lids. 

Having described the structure and operation of 
apparatus for both can lid coating and can interior 
coating, it should now also be appreciated that the in- 
vention also encompasses various novel rhethods. 

One such method involves the use of an X-Y-Z 
positioning apparatus to accurately position the spray 
gun relative to the container or closure being coated. 

Another involves the application of an annular 
spray pattern to can ends to coat a score tine thereon. 

Still another involves the spraying of powder 
down into the middle of a can to impact the bottom 
and then causing It to return along the sides of the 
can for complete coverage of the can. 

Yet another Involves the use of a diverter within 
the gun to divert tne tell of the pulse of powder 
sprayed through the gun so that a sharply defined 



pulse of powder is applied to the workpiece. 



Claims 



^1. 



Apparatus for applying powder to a workpiece at 
a workstation comprising spray means for dis- 
charging -a spray of air-entrained powder from a 
nozzle on to the workpiece, means for producing 
pulses of air to entrain and transport the powder, 
and means fordivecting a part of each of the puls- 
es^df air^with powder entrained therein. 

i2^;^ 'Apparatus^according to Claim 1 characterised in 
jg: : v.s.ihatJtheVdiverter rnsans :isiadapted to divert a 
trailing end portion o^eachrof the pulses of air 
with powder entrained therein. 

u j .^Apparatus accordir^g' to: ^aaim 1 or 2 character- 
\ - i^ed i?i that an^xcess powder collector means is 
•'i 3^ :.]p»^ encloses the 

' \'Q"jidz2re andcwhtoh Is adapted^to induce a flow of 
'■(^ 'j'T 'ex63ss pbwder^away from the workpiece. 

4. Apparatus according to any of Claims 1,2 or 3 
characterised in that means are provided for se- 
quentially conveying a plurality of workplaces to 
the workstation for spraying with powder. 

5. Apparatus according to any preceding Claim 
characterised in that the nozzle comprises inner 
and outer deflector elements having outer and in- 
ner conical surfaces respectively and which flare 
outwardly in the direction of flow of the spray of 

35 air-entrained powder so as to form an annular 

spray pattern. 

6. Apparatus according to any preceding Claim 
characterised in that the spray means is supplied 

40 with air-entrained powder from a pressurised 

feed container, means being provided to maintein 
a relatively constent air pressure in the feed con- 
tainer. 

45 7. Apparatus according to Claim 6 characterised in 
that vent means are provided to vent excess air 
pressure and air-entrained powder from the feed 
container to a supply container. 
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Apparatus according to Claim 7 characterised in 
that the supply container is connected to the feed 
conteiner by a conduit through which air-en- 
trained powder may flow to supply the feed con- 
tainer, pump means being provided to induce a 
flow of air and powder from the supply conteiner 
tothe feed container, and in that valve means are 
provided in the conduit selectively to permit or re- 
strict the flow of powder therethrough whilst per- 
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mitting air to flow continuously therethrough. . . 

»^ 

9. Apparatus according to any preceding Claim 

wherein the spray means is supplied with air-en- . . 

: trained powder from a supply container and an 5 

excess powdercoilector means fe provided which- , . . ^ 

• ^. . .at least partially encloses the nozzle and which . 'j ti r '* 

: . y : is 'adapted to induce-a flow of excess powder ^ . - 1 • , ^. 

; - away-fromathe workpiece. characterised in that . - ^ ^ . .^ ?• 

* t • - the supplywntaindrhas^an open portion through . io.^, . t^. .ft 

whichacontinuousflowofambientairls conduct- . r-^^,--.. ^ i- .-i^. • : 

ed, and in thatmeans are provided for conducting . .^^ -^-j 

• " . V • arfiow of air with :powd«r ^p^rain^jd therein frpm . . ,^ , . ^ ^. . . ,^ j^.^. ' ^ 

i .is v » c ;: **;the^excess.powderCoDecto^.eanstothe . , , y ; > 

^is )z container. int ^tirisTj r: zi?j n fjcc* - '^.,\h -i • .^..m:* :i ' - *t: 

10. Apparatus according to any one of aaims 7,8-orc,. - ;. ; , . ; . ...^j 

-V sr*: : o ^ 9.whereinpumpmeaifi«re»prpvld9dtopump«ir5<.^ ..^^ ■ ,%2»;j >,>r.r^^ 

5 • 0.-*^ L-centrainedippwdec fKMHithft^SMPPly <^H^^^^^r4^ :j ..rs^.y, • v-. n'Kio .... ..^-.r b.i^- 

sr: J • . . .o : is.the.fesdrcontainfery<*aract«rtsed in that mea^^ 20 ' ,a fj..c 

h> 'A(C*t : ^ J xr^ are-provldedto-vlbtate thfesupply container and,^- , ^ . . r.r,:'^ ^ ^.j 

: ^ the pump meanfr ta-facaitaie^he flow of powder. : , . . . ^ \ I J .'^^ 



therefrom. 



■a ... • 



.50 . . ... ^ „ , . 
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each pulse of ptrtriet a«iiay tern thrnoateiSZ) 
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ooitfainer (148) Applies powder to a pw»» . 
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to a pOBdar feed; container (E^ suppltes 
Dtwder to the: spray 'gun (18)f Sensors 
(iSH 1S1154) «madat«i.wtt) !>» virgin, ocdeo- 
tor iSfSd o«to^(14e^56) ensue that 
a predetenniiied quanlily yw^f Jf "y*^ 
taioed Tn each container. Owtag *«Wt« 
powder ftom the virgin (146) and coBectar (ffi) 
enteinaa, isontetaeis -»d 
pumps tie2;174.54) are vibrated to *e«atejl» 
flow of powder. The powdw spray gun (18) js 
mounted on a three axis acQustmeiit assen*^ 



to enal)le the powder spray gun n«zie (5^ 
be accurately poslfioned relafive to an aitide 
(12) at the work slafion (1^ 
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